Bipolar disorder (BD) is associated with increased reactivity to rewards and heightened positive affectivity. It is less clear to what extent this heightened reward sensitivity is evident across contexts and what the associated neural mechanisms might be. The present investigation used both a monetary and social incentive delay task among adults with remitted BD Type I (n ϭ 24) and a healthy nonpsychiatric control group (HC; n ϭ 25) using fMRI. Both whole-brain and region-ofinterest analyses revealed elevated reactivity to reward receipt in the striatum, a region implicated in incentive sensitivity, in the BD group. Post hoc analyses revealed that greater striatal reactivity to reward receipt, across monetary and social reward tasks, predicted decreased self-reported positive affect when anticipating subsequent rewards in the HC but not in the BD group. Results point toward elevated striatal reactivity to reward receipt as a potential neural mechanism of persistent reward pursuit in BD.
centrally characterized by increased reactivity to rewards and elevations in positive affect across contexts (Alloy, Abramson, Urosevic, Bender, & Wagner, 2009; Gruber, 2011a; Johnson, 2005; Nusslock et al., 2012; Urosevic, Abramson, HarmonJones, & Alloy, 2008) . The present investigation adopted a multimodal approach to examine reward sensitivity in BD across neural and affective levels of analysis as well as across distinct categories of monetary and social reward, in comparison to a healthy nonpsychiatric comparison group. This approach is well suited to inform broader models of psychopathology and its relationship to reward-related disturbances (e.g., Blum et al., 2000; Gruber, 2011b) .
Several lines of evidence underscore the rationale for examining reward sensitivity in BD (Hasler, Drevets, Gould, Gottesman, & Manji, 2006; Gruber, 2011b) . First, people with BD exhibit elevated reactivity to rewards, excessive pursuits aimed at obtaining rewards, and impairments in reward-related learning (Gruber, 2011b; Meyer, Johnson, & Winters, 2001; Pizzagalli, Goetz, Ostacher, Iosifescu, & Perlis, 2008) . For example, individuals with BD self-report greater positive affect at the prospect of future rewards in their daily lives than healthy controls, even during periods of symptom remission (Meyer et al., 2001) . Second, emerging evidence illustrates the importance of elevated reward sensitivity in the etiology and course of BD (Alloy et al., 2012a; Johnson, 2005) . For example, increased self-reported reward sensitivity has been found to predict the onset of BD (Alloy et al., 2012a) , and life events involving goal attainment predict increases in symptoms of mania over time (Johnson et al., 2000) . Third, BD is characterized by trouble regulating reward-relevant affective and behavioral responses. For example, inter episode BD patients report trouble decreasing or down-regulating reward sensitivity (Farmer et al., 2006) and engaging in maladaptive emotion regulation strategies that amplify reward-relevant responses (Gruber, Eidelman, Johnson, Smith, & Harvey, 2011; Johnson, McKenzie, & McMurrich, 2008) compared with healthy controls. Moreover, individuals with BD have shown a decreased ability to "coast," or ease back on goal pursuit after better-than-expected progress toward goal attainment (Fulford, Johnson, Llabre, & Carver, 2010) . Finally, increased reward sensitivity is associated with clinical severity and impairment in BD (e.g., Alloy et al., 2012b) . Taken together, these data suggest that heightened reward sensitivity is a core component involved in the etiology, phenomenology, and course of BD.
Only recently have researchers begun to explore the neural mechanisms of reward sensitivity in BD (e.g., Nusslock, Young, & Damme, 2014) . For example, Bermpohl et al. (2010) reported increased neural reactivity in the left lateral orbitofrontal cortex-a region implicated in the assignment of reward value to stimuli (Diekhof, Falkai, & Gruber, 2011) -during anticipation of gains in a monetary incentive delay (MID) task among currently manic individuals as compared with those in a healthy control group. Linke and colleagues (2012) also reported greater activation in the left medial orbitofrontal cortex among remitted individuals with BD Type I than among healthy controls in response to monetary reward. Another study using a card-guessing reward paradigm reported greater activation in the ventral striatum and orbitofrontal cortex during reward anticipation in a remitted BD group compared with those in a healthy control group (Nusslock et al., 2012) . Taken together, these results suggest that increased activation of striatal and orbitofrontal regions in response to reward-relevant stimuli may represent a potential neural mechanism of elevated reward reactivity in BD.
Although such findings are encouraging, there remain several critical domains upon which to expand this work. First, existing studies have focused almost exclusively on money as a proxy for rewards more broadly (e.g., Linke et al., 2012; Nusslock et al., 2012) . Given that the types of rewards individuals encounter in their daily lives are frequently interpersonal in nature, it is critical to examine additional domains of reward, especially those that are interpersonal or socially rewarding. Extending work on reward sensitivity to examine the processing of social rewards in BD is especially important as BD is associated with sensitivity to positive social stimuli, including misperceiving social cues from others in an overly positive manner (e.g., Dutra et al., 2014; Lembke & Ketter, 2002; Piff et al., 2012 ) and significant social functioning difficulties (Coryell et al., 1993; . Thus, it will be important to understand which abnormalities in reactivity to rewards occur across contexts and which occur only in response to specific classes of rewards. Indeed, the identification of more specific neural mechanisms of reward sensitivity within and across contexts is a critical next step toward a more comprehensive understanding of BD. Insight into such neural mechanisms would pave the way for research into the specific neural signatures of reward-related symptoms of BD. Furthermore, delineating the neural correlates of reward-related symptoms may contribute to the development of treatments aimed at ameliorating specific symptoms by normalizing the corresponding aberrant neural processes. In this way, this work promises to enhance our current understanding of the biological aspects of BD, the relationships between neural, affective, and behavioral characteristics of the disorder and the most salient targets for direct intervention on the neural processes that may contribute to its symptoms.
Second, there is a mixed literature suggesting the possibility of altered neural processes implicated in the anticipation of potential rewards (Bermpohl et al., 2010; Chase et al., 2013; Nusslock et al., 2012;  although also see Caseras et al., 2013) . This has been an important initial focus given clinical models of BD that emphasize heightened reward anticipation and pursuit in BD (Hayden et al., 2008; Johnson, Eisner, & Carver, 2009 ). However, other empirical findings point more strongly toward reward receipt as the catalyst for upward spirals into overly ambitious goal pursuit and increases in manic symptom severity in BD (Alloy et al., 2012a; Johnson et al., 2000) . Examination of neural reactivity to reward in BD has the potential to shed unique light on the brain-based mechanisms of reward-related behaviors and clinical mood symptoms.
Therefore, the goal of the present investigation is to elucidate mechanisms of reward anticipation and receipt in BD as compared with that of healthy adults. For the study of reward processing across contexts, we adopted a comprehensive approach that sampled both monetary and social reward types, across both neural and behavioral levels of analysis. This approach enabled us to conduct two main sets of analyses. First, we examined effects of group (BD, HC) and reward type, as well as their interaction, during reward anticipation. Second, we examined these same effects during reward receipt. Within each set of analyses, we first focused on two main regions of interest (ROIs). ROIs included (1) the ventral striatum, given a robust body of evidence demonstrating This document is copyrighted by the American Psychological Association or one of its allied publishers.
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the centrality of this region to reward processing (Berridge, Robinson, & Aldridge, 2009; Peciña & Berridge, 2013) and (2) the orbitofrontal cortex (OFC), given the important role for this region in modulating responses to reward and punishment (Ernst et al., 2013; Wrase et al., 2007) and some mixed findings implicating the OFC in reward anticipation in BD (e.g., Chase et al., 2013; Nusslock et al., 2012 ; though also see Bermpohl et al., 2010; Caseras et al., 2013) .We then used a whole-brain approach to examine other neural regions where groups differed significantly during anticipation and receipt of rewards.
Method Participants
Participants were 28 adults diagnosed with BD Type I, currently remitted, and 27 healthy control (HC) adults who did not meet current or past criteria for any Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; American Psychiatric Association, 2000) Axis I disorder. Participants were recruited using online advertisements and flyers posted in New Haven, Connecticut and surrounding communities. Exclusion criteria for both groups included history of severe head trauma, stroke, neurological disease, severe medical illness (e.g., autoimmune disorder, HIV/AIDS), medications affecting cerebral blood flow (e.g., blood pressure medications), MRI safety incompatibility (e.g., metal implants), left-handedness, and pregnancy. In addition, because addiction is associated with persistent changes in brain reward systems (Abler, Greenhouse, Ongur, Walter, & Heckers, 2008; Koob & Le Moal, 2005) , we excluded participants with a history of substance dependence and substance abuse in the past 6 months.
Diagnostic evaluation. All diagnoses were confirmed using the Structured Clinical Interview for DSM-IV (SCID-IV; First, Spitzer, Gibbon, & Williams, 2007) , administered by trained researchers. Approximately one fourth (n ϭ 12; 24.49%) of interviews were rated by an independent reviewer ( mean ϭ 1.00).
Mood symptoms. Current symptoms of mania were measured using the Young Mania Rating Scale (YMRS; Young, Biggs, Ziegler, & Meyer, 1978) , and current symptoms of depression were measured using the Inventory of Depressive Symptomatology (IDS-C; Rush, Gullion, Basco, Jarrett, & Trivedi, 1996) . Intraclass correlation coefficients (ICC; Shrout & Fleiss, 1979) for absolute agreement between the original interviewer and an independent rater for approximately one fifth of study participants were strong for both the IDS-C (n ϭ 11; ICC ϭ 1.00) and YMRS (n ϭ 10; ICC ϭ 0.96). Remitted mood status (i.e., manic, depressed, or mixed mood state) for the BD group was verified according to SCID-IV mood module criteria for the last month and cutoff scores on the YMRS (Յ7), and IDS-C (Յ11) for the last week. The IDS-C and YMRS were administered on the day of the diagnostic interview and readministered again on the day of the scan to ensure that participants scored below cutoffs on both days.
Medication assessment. At the baseline laboratory visit, participants reported use of psychiatric and other medications over the last month, recorded using the Somatotherapy Index (Bauer et al., 1997) .
Cognitive functioning. Cognitive functioning was assessed using the Mini Mental Status Examination (MMSE), a brief objective measure of cognitive status and impairment (Folstein, Folstein, & McHugh, 1975) . Raw scores (range ϭ 0 -30) were calculated as the total number of trials correct. All participants exceeded the eligibility cutoff score (Ն24; Folstein et al., 1975) .
Executive functioning. Executive functioning was measured using the letter-number sequencing subtest of the Wechsler Adult Intelligence Scale-IV (WAIS-IV;). Raw scores were calculated as the total number of trials correct from which WAIS-IV agenormed scaled scores were used in final analyses.
Procedures
Participants completed two study sessions, including an initial baseline diagnostic visit and a second fMRI scanning session approximately 2.5 months apart (M ϭ 78.51 days, SD ϭ 65.79). Between the two visits, a second unrelated fMRI scanning session was conducted during which symptoms were also reassessed to ensure continuity of remitted mood status in the BD group.
Baseline diagnostic visit. At baseline, participants completed a diagnostic evaluation in the laboratory that included the SCID-IV, YMRS, IDS-C, Positive Qualities Questionnaire (PQQ; see following text), medication information and demographics (along with additional questionnaires not part of the current investigation).
PQQ. The PQQ is a 10-item questionnaire designed for the present study to elicit self-reported information about perceived positive qualities. It was used to derive personalized social feedback for use in the social incentive delay (SID) task, described subsequently. Specifically, participants were asked to "describe some positive events in your life and some positive personal qualities and beliefs" and to respond to each question in a few sentences. PQQ items span several domains including personal values (e.g., "Name some values that you believe are very important, and describe why they are important to you"), personal qualities (e.g., "Describe a quality that makes you unique"), social relationships (e.g., "Describe a time when you felt love for someone else"), and achievement (e.g., "Describe one of your greatest accomplishments"; see the Appendix). The PQQ was used as a means for generating information from which to draw the positive adjectives presented in the SID task. Specifically, content analysis was performed to match adjectives from a validated database of 555 positive adjectives (Anderson, 1968) with individual responses to items on the PQQ. To assess the relative intensity of each positive adjective, 134 community participants rated 100 of these adjectives for their positive value on a scale, ranging from 1 (not at all positive) to 5 (extremely positive) in an anonymous online survey. Following this, all adjectives were standardized and assigned percentile rankings based on their average positivity rating. These rankings were used to categorize positive adjectives into one of two categories: (1) Level 2 adjectives were defined as "highly positive" and consisted of adjectives with the highest 50th percentile; (2) Level 1 adjectives were defined as "moderately positive" and consisted of adjectives with percentile rankings in the lowest 50th percentile. Positive adjectives were selected for each of the two reward levels individually for each participant. Two raters (one of the present authors and a trained research assistant) separately made adjective selections for each participant and then had a consensus meeting to discuss discrepancies until 100% agreement was achieved. This document is copyrighted by the American Psychological Association or one of its allied publishers.
fMRI scanning visit. The fMRI visit included four parts; namely, a prescan assessment, prescan task training, fMRI task, and postscan phase. During the prescan assessment, the YMRS and IDS-C were readministered to ensure that participants were below symptom thresholds and met remitted symptom status (Tohen et al., 2009) . Next, the presence of current substance use was assessed using the Medimpex Multi-Drug Urine Test (United Inc.) and participants who tested positive for cocaine, amphetamines, methamphetamines, opiates, or benzodiazepines were excluded unless prescribed by a physician (see medication status in Table 1 ). Next, for the prescan task training, participants were trained on both the MID and SID tasks on a laptop computer for approximately 30 min. Task training began with the experimenter explaining the task, as described previously, as step-by-step instructions were presented on a laptop. Then, participants were asked to complete 45 practice trials for the MID and 45 practice trials for the SID task to ensure that they were familiar with the task. During this practice, for both MID and SID tasks, average RTs for each participant were calculated, to be used to titrate the duration of the target presentation during the fMRI session to ensure even distribution (ϳ50%) of win trials on the MID and SID tasks, following prior research (e.g., Pizzagalli et al., 2009) . Specifically, half the targets were presented for one standard deviation longer than the participant's average reaction time (RT; predicted win trials), whereas the other half were presented for one standard deviation shorter than the participant's average RT (predicted no-win trials). For the fMRI task, participants were then escorted to the scanner, where they completed four runs of each task lasting approximately seven minutes each, presented in random order. Each individual run consisted of 22 to 23 trials, totaling 90 MID and 90 SID trials, broken down into 18 neutral/no-win trials (20%), 36 low-reward trials (40%), and 36 high-reward trials (40%). During the postscan phase, once the fMRI tasks were completed, participants completed posttask questionnaires (including manipulation check items) in a testing room outside of the scanner, received compensation, and were debriefed.
MID and SID tasks. Participants completed the previously validated MID task, originally developed by Knutson, Westdorp, Kaiser, & Hommer (2000) , and a SID task developed for the present study, the SID task (see Figure 1 for task schematics). Both the MID and SID tasks consisted of 90 trials each, yielding a total of 180 trials. During prescan task training, participants were given the following cover story for the SID task. Each participant was told that two highly trained experimenters in the laboratory had viewed video recordings of their interactions with the diagnostic interviewer at the laboratory session, reviewed their responses to the PQQ and other questionnaires, and created a list of the participant's most positive qualities based on this information. Participants were told that the object of this task was to view the items on these experimenters' lists of their best personal qualities. In addition, participants were told that each of these experimenters had given a 'global evaluation' of their personality, and that while both experimenters had given positive evaluations, one was extremely complimentary, giving them the highest possible evaluation of This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
their personality. This experimenter became the high-reward experimenter, providing the more positive descriptive adjectives during the SID task. Participants were told that although the other experimenter's evaluation was also positive, it was less positive than the first's. This experimenter became the low-reward experimenter, providing the less desirable adjectives. Each task varied across three levels of reward (e.g., neutral, low reward, and high reward). Neutral MID trials are those in which participants could win $0.00 (N trials ϭ 18; 20%), low-reward trials in the MID are those in which participants could win $0.50 (N trials ϭ 36; 40%), and high-reward trials are those in which participants could win $3.00 (N trials ϭ 36; 40%). Given that the task was designed for participants to win approximately 50% of the low-reward and high-reward trials, this design ensured that each type of reward receipt (i.e., no reward, low-reward win, low-reward no-win, high-reward win, high-reward no-win) occurred on approximately 20% of MID trials. Neutral SID trials are those in which anticipatory cues and receipt stated that no feedback was available (N trials ϭ 18; 20%), low-reward trials in the SID are those in which participants can win "positive" feedback from an experimenter (N trials ϭ 36; 40%), and high-reward trials are those in which participants can win "extremely positive" feedback from an experimenter (N trials ϭ 36; 40%). Assignment of confederate names "Keith" and "Ashley" to low-reward and highreward conditions was randomized across participants.
Participants completed four runs of the MID task and four runs of the SID task, for a total of eight runs. Each individual run for both the MID and SID tasks consisted of approximately 22 to 23 trials, for a total of 90 trials for the MID task and 90 total trials for the SID task. The order in which the four MID and four SID task runs were presented was randomly selected for each participant at the time of testing using E-Prime 2.0. As can be seen in Figure 1 , the temporal sequence of a single trial was as follows: first, participants viewed a 500-ms cue, which indicated the potential reward value of that trial. Cues were either monetary in the MID task (e.g., $0.50) or the name of the experimenter providing the feedback (e.g., "Ashley") in the SID task. Second, there was a variable duration interstimulus interval (ISI; jittered ϳ2.5 s, range ϭ 2.0 -6.0 s). Third, a red box (target) flashed briefly on the screen for a variable duration individually titrated to each participant's average RT, as previously described (Pizzagalli et al., 2009) . Fourth, participants responded as quickly as possible by pressing a response button to the target. Fifth, after an additional ISI (jittered ϳ2.5 s, range: 2.0 -6.0 s), a reward receipt screen was presented for 1,200 ms to inform the participant as to whether (s)he had won that trial by responding to the target before it disappeared from the screen (e.g., "You won $3.00" for the MID or "You are thoughtful" for the SID). All trials were separated by an intertrial interval (ITI) of variable duration (jittered ϳ3s; range ϭ 2.0 -7.0 s). To assess emotion during reward anticipation and reward receipt, participants self-reported their current feelings in response to the prompt, "How are you feeling?" on a Likert scale, ranging from 1 (negative) to 3 (neutral) to 5 (positive) immediately before reward receipt and following reward receipt.
It is important to note that the MID and SID tasks were designed to be parallel in three main respects. First, the two tasks were designed to be parallel in the order and duration of presentation of each stimulus, as can be seen in Figure 1 and as is described in previous paragraphs. Second, tasks were parallel in their three levels of reward magnitude. Third, tasks did not differ in the order of presentation. The order of the runs was randomly chosen for each participant by E-Prime 2.0 (Psychology Software Tools, Inc.).
Data Acquisition
Behavioral and self-report data. E-Prime 2.0 software was used for stimulus presentation and collection of self-report data. During the fMRI scan, stimuli were projected onto a screen behind the scanner, and participants viewed the stimuli via an angled mirror affixed to the head coil. Responses were made with the right hand using a five-button response box. fMRI data. Data were collected on a Siemens TIM Trio 3T scanner (Siemens Medical Solutions, Erlangen, Germany). Func- Figure 1 . Monetary incentive delay (MID) and social incentive delay (SID) task schematics. First, participants saw a cue indicating either how much money was available (MID: e.g., "$0.50") or whose feedback they were playing for (SID: e.g., "Ashley") on that trial. Next, participants rated how they felt about the potential for winning the amount of money displayed in the cue on a scale, ranging from 1 (negative) to 5 (positive). Next, a red box flashed briefly, and participants responded as quickly as possible. If they responded quickly enough, they would see a win outcome consisting either of monetary rewards (MID: e.g., "You won $0.50") or praise (SID: e.g., "You are thoughtful"). If they did not, a no-win outcome would appear. Finally, participants rated their affective responses to the outcome on a scale, ranging from 1 (negative) to 5 (positive). See the online article for the color version of this figure.
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tional images were acquired with a T 2 -weighted echo planar imaging (EPI) blood oxygen level-dependent (BOLD) sequence (Repetition Time (TR) ϭ 2,000 ms; Echo Time (TE) ϭ 35 ms; Field of View (FOV) ϭ 220 mm; voxel dimensions ϭ 3.4 ϫ 3.4 ϫ 4.0 mm; 28 slices). Structural images were obtained using a T 1 -weighted Magnetization Prepared Rapid Acquisition Gradient Echo (MPRAGE) acquisition (TR ϭ 2,530ms; TE ϭ 2.77 ms; FOV ϭ 256 mm; voxel dimensions ϭ 1.0 ϫ 1.0 ϫ 1.0 mm; 176 slices). fMRI data analysis was carried out using the fMRI Expert Analysis Tool (FEAT) Version 5.98, part of the FMRIB Software Library (FSL; www.fmrib.ox.ac.uk/fsl). Preprocessing included nonbrain removal, motion correction, spatial smoothing with a Gaussian kernel of full-width at half-maximum of 5 mm, grandmean intensity normalization, and high pass temporal filtering. Four BD and two HC participants were excluded from the final data analysis due to excessive motion during fMRI (Ͼ5-mm movements during at least four of eight runs), leaving a final sample of 24 BD and 25 HC participants. After preprocessing, second-level within-subject analyses were performed using a fixed-effects model in FMRIB's local analysis of mixed effects (FLAME; Beckmann, Jenkinson, & Smith, 2003) . Higher level analyses, including between-groups comparisons, were carried out using FMRIB's FLAME Stage 1 (Beckmann et al., 2003; Woolrich, Behrens, Beckmann, Jenkinson, & Smith, 2004; Woolrich, 2008) . Z (Gaussianized T and F) statistic images were thresholded using clusters determined by Z Ͼ 2.3 and a (corrected) cluster significance threshold of p ϭ .05 (Worsley, 2001) . The threshold to define contiguous voxel clusters was set at (Z Ͼ 2.3, p Ͻ .01) following standards in the field (Woo, Krishnan, & Wager, 2014) to balance minimization of family wise error rates (i.e., identification of false positive clusters) with consideration of Type II errors. Figures were prepared using NeuroElf Software package (Neuroelf.Net, e.g., Kober, DeVito, DeLeone, Carroll, & Potenza, 2014) .
Results

Demographic and Clinical Characteristics
As shown in Table 1 , groups did not differ in age, gender, ethnicity, employment status, or years of education. Groups also did not differ on subthreshold mania symptoms. The BD group did score higher on low-level subthreshold depression symptoms, though both groups scored well below clinical thresholds for both mania and depressive symptoms. As expected, the BD group scored lower on global functioning than did the HC group.
MID and SID Task Manipulation Checks
Prior to our main analyses, we conducted preliminary analyses of both the MID and SID tasks to ensure they were psychometrically comparable and elicited patterns of affective and behavioral responding consistent with previous studies using the MID (e.g., Knutson et al., 2000; Nielsen et al., 2008; Pizzagalli et al., 2009 ). This included examinations of self-reported affect, task difficulty, perceived control of task outcomes, and the extent to which participants believed the task cover story.
For self-reported affect, we ran a 2 (group: BD, HC) ϫ 2 (task: MID, SID) ϫ 2 (trial type: neutral, reward) analysis of variance (ANOVA) on self-reported affect during reward anticipation, and a 2 (group: BD, HC) ϫ 2 (task: MID, SID) ϫ 2 (receipt outcome: win, no-win) ANOVA for self-reported affect during reward receipt (win, no-win). For anticipatory affect, a main effect of trial type emerged, reflecting more positive affective ratings for reward (M ϭ 3.69, SD ϭ 0.55) than for neutral trials (M ϭ 2.87, SD ϭ 0.62), F(1, 47) ϭ 97.39, p Ͻ .001, p 2 ϭ 0.67. In addition, there was a main effect of task, reflecting more positive affect on MID (M ϭ 3.33, SD ϭ 0.63) than SID (M ϭ 3.22, SD ϭ 0.54) trials, F(1, 47) ϭ 6.06, p ϭ .02, p 2 ϭ 0.11. To examine whether anticipation of social rewards in the SID task increased positive affect, we performed a follow-up t test to examine self-reported anticipatory affect during reward versus neutral trials on the SID task was conducted. Results revealed greater positive anticipatory affect for SID reward than SID neutral trials, t (48) These results are consistent with existing work using the MID task (e.g., Nielsen, Knutson, & Carstensen, 2008) .
For task difficulty and agency, participants answered two selfreport questions indexing perceived task difficulty ("I felt that I had the ability to perform well in the task") and agency over task outcomes ("I felt that I had control over whether I won the trials"), each rated on a Likert scale, ranging from 1 (strongly disagree) to 7 (strongly agree) at the end of the scan. To examine the extent to which groups and/or tasks may differ on these dimensions, we conducted Group (BD, HC) ϫ Task (MID, SID) ANOVAs on participants' responses to these items. Results revealed no main effects of group (difficulty: p ϭ .07; agency: p ϭ 1.00), main effects of task (difficulty: p ϭ .27; agency: p ϭ .61), or Group ϫ Task interaction effects (difficulty: p ϭ .51; agency: p ϭ .61). Participants reported on average moderate agreement with the statements that they had they ability to perform well (M ϭ 4.79, SD ϭ 1.43) and reported control over winning the trials (M ϭ 4.33, SD ϭ 1.76) across both tasks.
After the scan, participants also rated the extent to which they believed the stated cover story or purpose of each task on a scale, ranging from 1 (not at all) to 5 (extremely). A Group ϫ Task This document is copyrighted by the American Psychological Association or one of its allied publishers.
ANOVA on responses to this item revealed that participants generally believed the stated purposes of both tasks (MID: M ϭ 3.50, SD ϭ 1.11; SID: M ϭ 3.73, SD ϭ 1.13), and no main effects of group (p ϭ .81) or task (p ϭ .23) or a Group ϫ Task interaction effect emerged (p ϭ .24).
Reward Anticipation
In our first set of neuroimaging analyses, we examined groupand task-related differences in neural processing of reward anticipation. To this end, we first conducted ROI analyses focusing on the ventral striatum and OFC, using a Reward Ͼ Neutral Cue contrast. Masks for the right and left NAcc were created using the Harvard-Oxford subcortical structural atlas (see supplementary Figure 1 ), and an OFC mask was created using the HarvardOxford cortical structural atlas (see supplementary Figure 2 ). We extracted beta values from the right and left NAcc and OFC using FSL's FeatQuery tool and converted these to percentage-signalchange values using FSLmaths. Next, we used a whole-brain approach to identify additional regions of group-and task-related differences in reactivity to reward cues. Results of a Group (BD, HC) ϫ Task (MID, SID) ANOVA revealed main effects of group in several clusters including the orbitofrontal cortex, bilateral inferior frontal gyri and right lateral occipital cortex (see Table 2 ), reflecting greater activation in the HC than the BD group. No clusters emerged where the BD group showed greater activation than the HC group. In addition, main effects of task emerged in a cluster encompassing bilateral occipital cortex regions including intracalcarine cortex and left occipital fusiform gyrus, reflecting greater activation during anticipation of monetary than social rewards (see Table 2 ). No clusters emerged reflecting greater activation during the SID than MID task. No Group ϫ Task interaction effects emerged. Whole-brain and ROI results were comparable when including subthreshold depression symptoms (IDS-C scores), global assessment of functioning (GAF scores), presence versus absence of antipsychotic medication, and presence versus absence of comorbid anxiety as covariates.
1
Reward Receipt
In our second set of analyses, we examined group-and taskrelated differences during neural processing of reward receipt. To this end, we first conducted ROI analyses focusing on the ventral striatum and OFC, using a Win Ͼ No-Win outcome contrast. Masks for the right and left NAcc and OFC were the same as those used in Aim 1 (see supplementary Figures 1 and 2) . Also consistent with the procedures from Aim 1, we extracted beta values from each ROI using FSL's FeatQuery tool, and converted these to percent-signal-change values using FSLmaths. Results of a Group (BD, HC) ϫ Hemisphere (Right, Left) ϫ Task (MID, SID) ANOVA on NAcc activity during reward receipt revealed a main effect of task, reflecting greater NAcc reactivity to monetary (M ϭ 0.14, SD ϭ 0.19) than social (M ϭ 0.05, SD ϭ 0.16) reward receipt, F(1, 47) ϭ 6.53, p ϭ .01, p 2 ϭ 0.12. A main effect of group also emerged, reflecting greater NAcc reactivity to reward receipt in the BD (M ϭ 0.13, SD ϭ 0.15) than the HC (M ϭ 0.05, 1 To examine the role of potentially confounding variables in our results, we reran our analyses with four covariates. Covariates included (1) subthreshold depression symptoms on the day of the scan (IDS-C scores) and (2) scores on the GAF measure, scored at the first laboratory visit, as groups differed significantly on these measures. In addition, (3) presence versus absence of antipsychotic medication was included given existing evidence that this type of medication may influence neural reward processing (Abler, Erk, & Walter, 2007) , and (4) presence versus absence of one or more anxiety disorders (including generalized anxiety disorder, panic disorder, specific phobia, social phobia, obsessive-compulsive disorder, and posttraumatic stress disorder) given that a substantial subset of our bipolar disorder (BD) sample (n ϭ 7; 29.17%) met criteria for one or more anxiety disorders which are common in (Freeman et al., 2002) and known to influence emotional responding (e.g., Mennin et al., 2005) . No participants in our BD sample met criteria for comorbid somatoform disorders (including somatization disorder, pain disorder, hypochondriasis and body dysmorphic disorder) or eating disorders (including anorexia, bulimia, and binge eating disorder) precluding the need to include these diagnostic categories as additional covariates.
For reward anticipation, NAcc ROI analyses revealed that the main effect of task, which was significant and reflected greater NAcc reactivity to monetary than social reward cues without covariates, was no longer present (p ϭ .83). All other effects were nonsignificant, consistent with results of this analysis without covariates. OFC ROI analyses revealed that again, the main effect of Task, which was significant and reflected greater OFC reactivity to monetary than social reward cues without covariates, was no longer present (p ϭ .42). All other effects were nonsignificant, consistent with results of this analysis without covariates. Whole-brain analysis results were generally consistent with those emerging from the same analysis without covariates (see supplementary Table 1) .
For reward receipt, NAcc ROI analyses revealed that the main effect of Task, which was significant and reflected greater NAcc reactivity to monetary than social reward outcomes without covariates, was no longer present (p ϭ .53). The main effect of Group, which had reflected significantly greater reactivity to reward outcomes in the BD than the HC group, shifted to become a trend-level effect when including covariates (p ϭ .054). OFC ROI analyses revealed that the main effect of Task, which had reflected greater OFC reactivity to monetary than social rewards, was no longer present (p ϭ .35). The main effect of Group, which had been a trend-level effect without covariates (p ϭ .07), emerged reflecting greater OFC reactivity to rewards in the BD (M ϭ 0.06, SD ϭ 0.12) than in the HC group (M ϭ 0.01, SD ϭ 0.12), F(1, 43) ϭ 5.13, p ϭ .03, p 2 ϭ 0.11. Whole-brain analyses revealed Group ϫ Task interaction effects which had not been present without covariates, reflecting a greater task-related difference in reactivity (MID Ͼ SID) in the HC group than in the BD group in the superior frontal gyrus, bilateral temporal poles, and midline frontal pole (see supplementary Table 2 ). Main effects of Group reflecting greater striatal and thalamic reactivity to reward receipt in the BD than in the HC group remained consistent. Additional clusters also emerged, reflecting the same group difference (BD Ͼ HC) in diffuse cortical regions (see supplementary Table 2 ). In addition, main effects of Task emerged reflecting greater activation in the MID than SID task in two clusters in frontal and occipital cortical regions, and greater activation in the SID than MID task in four including frontal cortical and thalamic regions (see supplementary Table 2 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
SD ϭ 0.19) group, F(1, 47) ϭ 6.33, p ϭ 0.02, p 2 ϭ 0.12. All other effects were nonsignificant, including the main effect of hemisphere (p ϭ .81), Group ϫ Hemisphere interaction (p ϭ .07), Task ϫ Group interaction (p ϭ .62), Hemisphere ϫ Task interaction (p ϭ .06), and Hemisphere ϫ Group ϫ Task interaction (p ϭ .45). Results of a Group (BD, HC) ϫ Task (MID, SID) ANOVA on OFC activity during reward receipt also revealed a main effect of task, reflecting greater OFC reactivity to social (M ϭ 0.08, SD ϭ 0.13) than monetary (M ϭ Ϫ0.01, SD ϭ 0.11) rewards, F(1, 47) ϭ 16.02, p Ͻ .001, p 2 ϭ 0.25. No main effect of Group (p ϭ .07) nor Group ϫ Task interaction (p ϭ .32) effects emerged.
Next, we used a whole-brain approach to identify additional regions of group-and task-related differences in reactivity to reward cues. Results of a Group (BD, HC) ϫ Task (MID, SID) ANOVA during reward receipt revealed a main effect of task reflecting greater reactivity to monetary than social rewards in two large clusters encompassing diffuse frontal and occipital cortical regions (see Table 3 ). In addition, three clusters emerged where reactivity was significantly greater to social than monetary reward receipt, including the left frontal pole, bilateral inferior frontal gyri and bilateral orbitofrontal cortex (see Table 3 ). In addition, a main effect of group emerged in a striatal cluster wherein the BD group demonstrated significantly greater activation in the right NAcc, right caudate and bilateral thalamus than the HC group (see Figure  2 and Table 3 ). No clusters emerged where the HC group showed greater activation than the BD group. No significant Group ϫ Task interaction effects emerged. Whole-brain and ROI results were comparable when including subthreshold depression symptoms (IDS-C scores), GAF scores, presence versus absence of antipsychotic medication, and presence versus absence of comorbid anxiety as covariates. 
Exploratory Analyses: Examining Associations Between Neural and Behavioral Data
On an exploratory basis, we examined associations between self-reported affect during the scan and ventral striatal reactivity to reward cues and outcomes. We first examined whether selfreported affect when anticipating rewards (reward-neutral cue) would predict ventral striatal reactivity (% signal change values) to reward cues (reward-neutral cue) and outcomes (win-no-win). Linear regressions were conducted predicting ventral striatal reactivity to anticipatory reward cues, with output separated by groups. Results revealed no associations between self-reported anticipa- Next we explored the possible implications of ventral striatal reward reactivity to reward outcomes for subsequent self-reported affect during reward anticipation on the next trial. This analysis was theoretically motivated by literature reporting sustained positive affect following reward receipt in BD (e.g., Alloy et al., 2012a; Fulford et al., 2010; Johnson et al., 2000) . To this end, we examined whether ventral striatal responses to rewards would predict anticipatory affect on trials immediately following win outcomes (i.e., reward receipt). We examined percentage-signalchange values reflecting right and left NAcc reactivity to rewards, using the main effect of group (win Ͼ no-win) contrast from our main analyses, to predict anticipatory affect ratings for trials immediately following reward receipt. To create a difference score reflecting each individual's average change in anticipatory affect immediately following rewards, we first subtracted each individual's average anticipatory affective rating from their average anticipatory affective rating immediately following wins. In this analysis, we sought to examine the predictive power of NAcc reactivity to rewards for subsequent affect within each group, but also to examine the extent to which groups differed in this relationship. To achieve this, we first entered right and left NAcc percent signal change values into linear regressions predicting Next, we compared the regression coefficients emerging from within-group regressions to examine whether the predictive power of NAcc reactivity to rewards for subsequent affect differed significantly between groups. When regression coefficients were compared, a group difference emerged such that NAcc reactivity to rewards predicted reduced subsequent anticipatory affect to a greater degree in the HC group than the BD group, across both right (b ϭ 0.34, t ϭ 2.17, p ϭ .04) and left (b ϭ 0.37, t ϭ 2.49, p ϭ .02).
Discussion
The current study makes three substantial contributions to the literature and our understanding of reward processing in BD. First, the SID task provides a means for future neuroimaging studies to expand the study of reward processing beyond monetary rewards to include ecologically valid social rewards. Second, the finding of elevated striatal reactivity across monetary and social rewards in BD provides evidence of a domain-general process potentially related to clinical findings of enhanced reward sensitivity even among remitted individuals with BD, and is consistent with models of BD specifying persistence in elevated positive affect across contexts as a central feature of BD (Gruber, 2011b) . In addition, this finding is consistent with theoretical models emphasizing hypersensitivity to rewards as a central process implicated in BD (e.g., Alloy et al., 2012a; Johnson, Ruggero, & Carver, 2005; Urosevic et al., 2008) . Specifically, these models emphasize elevated sensitivity of the behavioral approach system (BAS; Carver & White, 1994) , increasing these individuals' propensity to respond to cues of potential reward, which may partially account for the heightened striatal reactivity observed to both monetary and social rewards reported in the present investigation. Third, the finding that striatal reactivity to rewards predicts reduced anticipatory positive affect in healthy individuals, but not in BD, provides evidence consistent with theories of difficulty coasting or easing back in appetitive behaviors in BD (Fulford et al., 2010) . Each of these contributions are discussed in greater detail in the following paragraphs.
Results suggested that the novel SID task was effective in eliciting increased positive affect during anticipation and receipt of socially rewarding positive feedback (i.e., praise). Given that the vast majority of existing neuroimaging studies on reward processing have employed solely monetary rewards, the addition of an ecologically valid social reward task to the literature is a critical tool. Future studies employing this task could expand the knowledge base on reward processing across disorders, to better understand the extent to which previously identified mechanisms extend across multiple domains of reward. Establishment of the generalizability of findings from the MID task will be essential for mapping of neuroimaging findings onto findings from clinical and behavioral studies of reward-related behavior, which examine participants' responses to diverse types of rewards in daily life (e.g., Collip et al., 2014; Geschwind et al., 2010) . This may be particularly important for disorders in which abnormalities in social information processing and reward-related mechanisms are critically implicated (Demurie, Roeyers, Baeyens, & Sonuga-Barke, 2011; Kohls, Chevallier, Troiani, & Schultz, 2012) .
Results of analyses examining potential group differences in neural reactivity to rewards revealed a main effect of Group reflecting elevated striatal reactivity to monetary and social reward receipt in the BD group. It is important to note that these results remained consistent with and without covariates, and no Group ϫ Task interaction effects emerged in striatal regions with or without covariates. The striatal regions identified as having elevated reactivity to rewards in the BD group, including the NAcc within the ventral striatum, have been primarily implicated in incentive motivation and reward (Berridge et al., 2009; Peciña & Berridge, This document is copyrighted by the American Psychological Association or one of its allied publishers.
2013). Among healthy individuals, this region is activated largely prior to reward receipt, and is associated with reward anticipation (Abler, Walter, Erk, Kammerer, & Spitzer, 2006; Ikemoto & Panksepp, 1999; Knutson & Greer, 2008) . Thus, this finding is consistent with a potential brain-based mechanism by which reward receipt may be associated with increased positive affect in BD (Farmer et al., 2006; Johnson et al., 2000) . This finding also dovetails with existing models of positive emotion disturbance in BD across stimuli rather than in response to any particular affective cue (Gruber, 2011a (Gruber, , 2011b . In addition, this finding is generally consistent with theoretical models emphasizing hypersensitivity to rewards as a central process implicated in BD (e.g., Alloy et al., 2009 Alloy et al., , 2012a Nusslock et al., 2012; Urosevic et al., 2008) . These models emphasize elevated sensitivity of the behavioral activation system (Carver & White, 1994) , increasing these individuals' propensity to respond to cues of potential reward. Analyses examining group differences during reward anticipation revealed some unexpected results, including lower reactivity to reward cues in the bilateral inferior frontal gyrus and right lateral occipital cortex and right precuneus of the BD group. Given the role of these regions in representing hand-object interactions (Johnson-Frey et al., 2003) , object recognition (Grill-Spector, Kourtzi, & Kanwisher, 2001) , and self-related mental representations (Cavanna & Trimble, 2006) , one possibility is that our HC group was recruiting these regions for a coordinated representation of their upcoming button-press to a greater degree than the BD group. Further research would be needed to better understand this pattern, and examine the possibility of any functional or behavioral consequences.
This study failed to replicate previously published findings suggesting elevated striatal and orbitofrontal cortex activation during reward anticipation in a sample of 21 remitted BD patients and 20 healthy controls (Nusslock et al., 2012) . In fact, with a slightly larger sample size we instead found an opposite pattern of findings suggestive of blunted OFC activation during reward anticipation in the BD group in our main analyses, though we note this effect was eliminated when covariates were included. On one hand, this is somewhat surprising given behavioral data suggesting elevated affective sensitivity to potential reward cues in BD (Alloy & Abramson, 2010; Meyer, Johnson, & Winters, 2001 ). On the other hand, when examining the neuroimaging literature carefully, supportive data for group-relevant differences during reward anticipation have been mixed, with some research groups reporting elevated striatal and frontal cortical activation during reward anticipation (Chase et al., 2013; Nusslock et al., 2012) , and others reporting similar findings to the present study which report either blunted anticipatory striatal activation or no group differences between BD and control participants in striatal activation during reward anticipation (Abler et al., 2008; Bermpohl et al., 2010) . More generally, mixed findings on reward anticipation hasten the call for replication efforts in the field more broadly (e.g., Pashler & Wagenmakers, 2012) to identify robust patterns across studies of group-related differences in neural processing when anticipating future rewards. Whole-brain analyses also revealed task-related effects. During reward anticipation, the MID task elicited greater reactivity than the SID task in occipital cortex regions including occipital pole, intracalcarine cortex, and occipital fusiform gyrus. Given that our analyses of self-reported affect revealed greater positive affect when anticipating monetary than social rewards, and the role of these regions in motivated attention (Bradley et al., 2003) , it is possible that these results are reflective of greater motivation to obtain monetary than social rewards. During reward receipt, group-related findings emerged in both directions. The SID task elicited greater activation in bilateral OFC clusters and inferior frontal gyri. These regions have been implicated in social information processing and emotion regulation and may have been recruited to a greater extent in the SID task to process the social feedback and regulate resulting emotions (Beer, John, Scabini, Knight, & Knight, 2006; Grecucci, Giorgetta, Bonini, & Sanfey, 2013) . Also during receipt, the MID task elicited greater activity than the SID task in prefrontal (e.g., middle frontal gyrus) and occipital (e.g., lingual gyrus, occipital fusiform gyrus) cortical regions and may reflect enhanced motivated attention in the MID task (Bradley et al., 2003; Yamasaki, LaBar, & McCarthy, 2002) .
Exploratory analyses further indicated that striatal reactivity to rewards inversely predicted anticipatory positive affect to subsequent reward cues, such that more reward-related neural reactivity was associated with attenuated subsequent positive anticipatory affect in HC, but not BD participants. This finding is consistent with clinical observations that healthy individuals respond to success or rewarding feedback by coasting (Fulford et al., 2010) , whereas those with BD demonstrate persistent or even increasing positive affect and reward pursuit (Johnson, 2005; Johnson et al., 2000) . This finding provides potential initial evidence of a mechanism by which elevated striatal reactivity to rewards in BD may be directly related to the clinical presentation of the disorder. However, the current study was not explicitly designed to test an association between striatal reactivity to rewards and subsequent incentive motivation, and thus future studies more directly targeting this question are needed. It is interesting to note that the exploratory analyses examining associations between positive affect in anticipation of reward and striatal reactivity to reward cues and outcomes revealed no significant results. Though it is perhaps surprising to see this lack of association, one potential explanation is that neural reactivity to reward cues and outcomes in the VS indexed motivation more closely than positive affect, which was probed in our self-report items. Future studies should probe selfreported motivation during the MID and SID tasks explicitly to explore this possibility.
These results should be interpreted within the confines of several caveats. First, our sample size was relatively small in our final data analysis. Although this sample size is consistent with, or larger than, the majority of neuroimaging studies of individuals with severe psychopathology including adults diagnosed with BD (e.g., Delvecchio et al., 2012; Jardri, Pouchet, Pins, & Thomas, 2011; Nusslock et al., 2012) , direct replication in future studies with larger sample sizes will help to ensure the generalizability of these results. Second, our BD sample was taking a variety of medications at the time of testing. Although our analysis indicated that the main results remained consistent when taking into account use of antipsychotic medications, future studies should aim to recruit samples of individuals with BD on specific subclasses of medication. Third, our study did not include a punishment condition as a comparison alongside reward, and future studies including such a condition will be important for the development of a comprehensive understanding of reward and punishment processing in BD. Fourth, although our two tasks were developed to have This document is copyrighted by the American Psychological Association or one of its allied publishers.
comparable structures and demonstrated many comparable features, we acknowledge the possibility that results could be influenced by additional variables that cannot be ruled out. As such, the comparability of the MID and SID tasks' difficulty and discriminability is an important question that awaits further work. Future studies examining various reward types using structurally similar tasks should aim to ensure that tasks are fully psychometrically parallel. Finally, without a clinical comparison group of individuals with abnormal reward processing (e.g., remitted major depressive disorder), we cannot be sure that these results are specific to BD. However, similar studies examining reward processing in MDD have found blunted striatal reactivity to rewards among these individuals (Pizzagalli et al., 2009) , which is consistent with anhedonia and blunted incentive motivation. To build on these findings, future studies should employ this or similar paradigms across mood states among individuals with BD, and in other populations of psychiatric disorders characterized by dysfunctional reward processing such as MDD. Future studies could also modify our design and methods to improve power, sensitivity, and specificity of results. Additionally, future studies building on the current findings may choose to use smaller voxel sizes. When selecting our voxel sizes, we took into consideration that increasing voxel size enhances sensitivity to BOLD signal but decreases spatial resolution (Amaro & Barker, 2006; Howseman et al., 1999) . Given that the SID task is novel, we chose slightly larger voxel sizes than average to improve detection of BOLD responses elicited by the task. Future studies may choose to improve the spatial localization of task-related BOLD responses by reducing voxel size. A similar cost-benefit consideration was made in setting our motion-artifact threshold of 5 mm. Although this threshold allowed us to retain the maximal number of participants with usable data (after discarding four BD and two HC participants for excessive motion beyond our 5-mm threshold), future studies could use more restrictive motion thresholds in order to reduce noise and improve spatial specificity of findings. Finally, future studies should examine prospectively whether striatal reactivity to rewards predicts changes in symptoms or behavior, consistent with those predicted by rewarding life events among individuals with BD.
